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Title: Method and apparatus for de termining a flow pattern of a fluid in a 
space. 



Ql/ The invention relates to a method for determining a flow pattern of a 

fliiid in a space. 

In all kinds of appHcations it is important to be able to determine a 
flow pattern of a fluid. Thus, for instance, in climate controls in, for instance, 
stables and such agrarian constructions, greenhouses, warehouses, working 
and hving spaces and in other spaces, use is made of data concerning the 
throughput of a gas stream introduced into the space, the temperature of the 
introduced air and the temperature in the space. These data are used to 
regulate, for instance, the inlet opening for the gas stream to be introduced. 
Efforts are thus made to obtain such a distribution of the gas stream in the 
space that an optimum climate is obtained for, for instance, hving organisms 
present therein. Demonstrable is that the conditions of life of animals and men 
in a space are considerably improved by a proper chmate control in the space, 
which is ergonomically and, moreover, economically advantageous, because as 
a result thereof the yield per animal can be increased, while, moreover, the 
health of man, animal and plant is positively influenced. 

It has been found that by means of the regulations now available no 
optimum climate control is possible. An important reason therefor is that it 
has hitherto not been found possible to unambiguously and readily determine 
flow patterns of gases in the space, preferably during use of the space. In 
particular, it has been foimd that dynamic, preferably continuous 
measurement of the flow pattern of gas streams in the space has hitherto not 
been possible, at least requires very complex and very expensive 
arrangements. These known arrangements are therefore not svdtable for 
continuously measuring air patterns diu:ing the control thereof. 

It is further important, for instance in aeration tanks for waste water, 
that a proper distribution of a gas stream through the waste water is obtained. 
This has hitherto been adjusted mainly on the basis of visual observation and 
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expezieace. It will be dear that, in general, no ideal adjustment will thus be 
obtained. Moreover, this can only be examined by measuring afterwards and 
not in situ. 

Furthermore, when mixing via liquids, for instance in the preparation 
5 of paints and lacquers, foodstuffs, medicaments and the like, it is highly 
important that a complete mixing is obtained. Here» too, it has hitherto not 
been possible to measure in situ the flow pattern of a liquid stream passed into 
a tank or the like. 

EP 0 171 117 discloses a system for maintaining a desired 

(a 

1 0 temperatxire in a stable, wherein the incoming and outgoing quantity of air is 
regulated using an inlet valve and a fan. The temperature is measured by two 
sensors, one close to the inlet valve and the other close to the fan. Both sensors 
are connected to a micro processor. This micro processor controls the inlet 
valve and/or the fan based on variations in the temperature differences and 

15 the average temperature measured in both sensors. 

EP 0 643 272 discloses a dimate control unit for a stable comprising a 
control unit for regulating a £an based on climate parameters such as 
temperature and hTunidity. One or more sensors can be provided for 
measurement of ssdd parameters. 

20 DE 41 27 179 also discloses a climate control unit for a stable in 

which hiunidity, temperattire and the introduction of fresh air are controlled 
based on a control unit, a fan and a heating element. This publication does not 
disclose the sensors to be used. 

FR 2 732 098 discloses a system for control of ventilation and heating 

25 of a poultry stable, in which the quantity of air to be displaced is controUed 
bases on the temperature and humidity of the stable and the age, weight and 
sex of the poultry. Displacement of said air is achieved by a series of fans to be 
controlled continuously, intermitted or in series. 

From the prior art as discloses here above it is not known to 

30 determine a flow pattern of a fluid for control purposes. 
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It is an object of the invention to provide a method of the type 
described in the opening; paragraph, in which the above drawbacks are 
avoided. In particular, it is an object of the invention to provide a method 
with which the flow pattern of flmd streams in a space can be determined 
dsmamically, in situ, in a relatively simple and unambiguous manner and at 
relatively low cost. To this end, a method according to the invention is 
characterized by the measures of claim 1. 

Determination of a flow pattern of fluid flows in a space offers the 
advantage that it can be accxirately determined how, for instance, temperature 
and flow velocity distributions in the space occur. With a method according to 
the present invention the flow pattern of a fluid stream can be determined in a 
relatively simple manner and with economic means, for instance firom an inlet 
in a space, in particular by determining a so-called central line thereof and 
making use of the fact that, in principle, the distribution of magnitudes in an 
air stream is distributed normally, at least in the known manner, around this 
central line, at least can be properly estimated. The central Une is determined 
by the connecting line between a relevant inlet and the positions of the 
maximum or TniwiTnum value measured* at least calculated, of the magnitude 
in the gas stream at the level of the or each sensor. Whether this is determined 
by the minimum or masimum value, of coxurse depends on the value of the 
magnitude of the inflowing fluid with respect to the relevant magnitude in the 
further space. When, for instance, inflowing fluid is relatively cold, use will be 
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made of the minimum temperatiire at the level of the of each first sensor. 
When the flxiid stream has a relatively high temperature, use will be made of 
the maximum temperature, starting fi:om temperature as measured 
magnitude. 

It will be clear that on the basis of the flow pattern thus determined it 
can be determined whether this corresponds to a desired flow pattern, after 
which, if necessary, readjustment can be effected, for instance by changing the 
inflow direction, the inflow throughput, heating or cooling, at least treatment 
of the inflowing flviid stream or of the space, use of by-pass means and the 
like. Exactly because the flow pattern of the or each fluid stream in the space 
can be determined acciurately and unambiguously, at any desired moment, 
optimum measurement and/or regulation in the space becomes possible, for 
instance of the climate or of measurement thereof. The use of an algorithm, for 
instance included in a process unit, such as a computer, offers the additional 
advantage that a simple comparison of the determined flow pattern with, for 
instance, previously inputted desired flow patterns is possible, with the result 
that regulation becomes even more easily possible. Moreover, an algorithm is 
very suitable for determining, on the basis of the measured value, the position 
of the central line and thus of the flow pattern of the or each fluid stream. 
Because of this, practically instantaneous adjustment is possible. An 
apparatus for use in a method according to the invention can be carried out in 
a self-learning manner. 

In a first very advantageous embodiment a method according to the 
invention is characterized by the measures according to claim 5. 

By placing in the or each above first position a sensor with which in 
at least two and preferably at least three spaced apart positions the value of 
the relevant magnitude in the fluid can be measured, the advantage is 
obtained that on the basis of, for instance, a weighed average the position of 
the maximum or minim imi value in the above first position in the fluid stream 
can be relatively readily determined. Thus the position of the central line in 
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the above first position is unambiguously fixed. When use is made of at least 
three recording elements placed at a known mutual distance fi:om each other, 
the additional advantage is obtained that the intersection point of the central 
line with the above first position can be determined, practically independently 
5 of further data, such as the value of the relevant magnitude in the 

surroundings, while, moreover, an excellent estimation of the height of the 
relevant maximum or minimum value can be made. It will be clear that the 
use of a larger number of recording elements may enable an even better 
estimation of the position of the central line and the height of the value 

10 prevaiUng there, in particular when the normal distribution of the relevant 
value in the fluid stream deviates, but that as a result thereof the cost of such 
a method will increase, for instance as a result of the required hardware. 
Depending on the conditions of use and the wishes of the user, in particular 
the desired accuracy, those skilled in the art can readily determine the 

15 optimum number of sensors, the optimimi configuration of the recording 
elements and the positioning thereof with respect to each other. 



20 on the basis of the determined flow pattern, if required related to a desired 

flow pattern, offers the advantage that the flow pattern can be relatively easily 
readjusted, so as to further optimize it, for instance in the direction of the 
desired flow pattern. 



25 further or alternative possibility to adapt the flow pattern of the or each fluid 
stream in the space on the basis of the or each determined flow pattern, in 
particular on the basis of a recorded difference between a desired flow pattern 
and an actual flow pattern. 



30 the present invention a substantially closed regulating system can be obtained 



In a further elaboration a method according to the present invention 
is further characterized by the measures of claim 8. 

Regulation of the inflow throughput of the fluid stream in the space 



Regulation of the inflow direction of the flxiid in the space offers a 



The foregoing already shows that by means of a method according to 
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with which, if desired, the flow pattern of the or each fluid stream in the space 
can be determined and readjusted practically continuously. 



throughput and/or the composition thereof when it flows out of the space in an 
5 algorithm for the control of, for instance, climate or mixing in the space offers 
the advantage that an even more accurate regulation is possible, in particular 
of the flow pattern of the or each fluid stream, while, moreover, for instance 
the discharge of too much heat from the space can be prevented, without the 
occurrence of undesirable fluid compositions in the space. Also, these data, for 
10 instance a difference between inflow throughput and outflow throughput, can 
be used for the determination an,d regulation of any pressure build-up in the 
space. 



gas is passed into a space, and in which at least one of the above magnitudes is 
measured, the advantage is obtained that, for instance for the purpose of 
climate control or aeration in spaces such as stables, working or Hving spaces 
and the like, flow patterns can be determined. The measurement of the 

20 temperature is very suitable in this respect, in particular because of the 

relatively simple recording elements available therefor, but also other energy 
and mass variables such as flow velocity or flow direction, pressure or density 
of the gas stream, gas concentration and the like can be measured as 
magnitude. When for the relevant space the distribution or presence of a 

25 specific component, such as, for instance, oxygen, rdtrogen, carbon mono- or 
dioxide or the like is important, recording elements arranged therefor can be 
used. 

A method according to the invention can be used both for flow of gases 
in gases and for flow of gases in liquids. 



Inputting data about the relevant values in the fluid stream, the 



15 



In a further alternative embodiment a method according to the 
invention is characterized by the measures according to claim 9. 

The use of a method according to the invention, in which as fluid a 
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In a further alternative embodiment a method according to the 
invention is characterized by the measures according to claim 12. 

To determine flow patterns of a hquid stream passed into a space, in 
particular into a space filled with hquid, such a method is very suitable, 
5 because on the basis of the measured magnitudes such as temperature, flow 
velocity or flow direction, pressure, concentration or density the relevant flow 
pattern can be determined rapidly, easily and accurately and can be 
readjusted on the basis thereof, so that, for instance, a proper mixing can be 
obtained or, on the contrary, can be inhibited.. 

10 The invention further relates to an apparatus for determining a flow 

pattern of a gas in a space, characterized by the features according to claim 14. 

With such an apparatus the flow pattern of a fluid stream in a space 
can be determined in a very easy, accurate and economic manner. Such an 
apparatus is very suitable for use of a method according to present invention. 

15 In a further elaboration an apparatus according to present invention 

is characterized by the features according to claim 19. 

By providing at least one and preferably a series of first sensors, each 
first sensor comprising at least two, and preferably at least three recording 
elements which are placed at a known mutual distance from each other, the 

20 advantage is obtained that per first sensor, on the basis of, for instance, a 

weighed average or by using an estimated curve in the local fluid stream, the 
position of a minimum or maximum value of the measured magnitude at the 
level of the relevant first sensor can be readily determined, as well as, if 
desired, the height thereof, while a series of first sensors placed one after 

25 another very readily enables the determination of a cxirve by the points with 
the above minimum or maximum values at the first sensors. This curve 
represents the central line of the flow pattern of the relevant fluid stream. A 
larger number of first sensors will of course enable a more accurate 
determination of this central line. 
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In a further advantageous embodiment an apparatus according to the 
invention is characterized by the features according to claim 21. 

The incorporation of the first measuring device, the process imit and 
flxiid inlet regulating means and/or fluid outlet regulating means into a 
5 regulating cycle offers the advantage that regulation of the fluid stream, in 
particular of the flow pattern thereof and inflow and outflow throughput 
and/or direction can be determined and readjusted. By making use of suitable 
algorithms, both regulation afterwards and advance regulation are possible 
with such an apparatus. The fluid inlet regulating means and/or fluid outlet 
10 regulating means may be adjusted, for instance, on the basis of an existing 

flow pattern, an eventually desired flow pattern and, if any, different external 
factors, such as, for instance, changes in the filling of the space. It can thus be 
ensured, for instance, that in a stable the desired flow pattern is practically 
immediately obtained when additional animals are placed therein or are 
15 removed therefrom, when additional heating is effected in the space or, for 
instance, inlet openings or outlet openings are additionally provided or are 
closed. 

The invention further relates to a space provided with an apparatus 
according to the invention, to a process imit for use in a method, an apparatus 
20 or a space according to the invention, and to a sensor, in particular a 

temperature sensor, for use in a method, an apparatus, a space or a process 
unit according to the invention. 

Further advantageous embodiments of a method, an apparatus and a 
space according to the invention are given in the subclaims. To explain the 
25 invention, practical examples thereof will be specified with reference to the 
drawings in which: 
Qjffy ^ Fig. 1 diagrammatically shows, in cross-sectional side view, a 

ventilated space equipped according to present invention; 
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Fig. 2 diagrammatically shows a temperature distribution around a 
minimum temperature in a relative cold air stream, passed through a relative 
warm space; 

Fig. 3 diagrammatically shows the position of a central line of an air 
stream with respect to temperatxxre recording means of a sensor according to 
present invention; 



embodiment of a ventilated space, a stable in the embodiment shown, 
according to present invention; 

Fig. 5 diagrammatically shows a test arrangement for testing an 
apparatus according to present invention; 

Fig. 6 diagrammatically shows the relation between the inclination of 
the central line calculated with a test arrangement according to Fig. 5 and 
with an apparatus according to present invention; and 

Fig. 7 diagrammatically shows a diagram of an apparatus according 
to present invention; 

Fig. 8 diagrammatically shows an alternative embodiment of an 
apparatus according to present invention, for mixing Uquids; 

Fig. 9 shows a further alternative embodiment of an apparatus 
according to present invention for mixing a gas into a liquid; 

Fig. 10 shows a further alternative embodiment of an apparatus 
according to the invention, using a contactless measuring device; and 
Fig. 11 shows an alternative arrangement of sensors, at least 
measiiring points along a curved line, with an air pattern measured therewith. 
In this specification similar or corresponding parts have similar or 



corresponding reference numerals. As an example of a space, this specification 
describes a stable, for instance, intended for keeping pigs, cows, chickens or 
the like, but it will be clear that an apparatus according to present invention is 
suitable for use in all kinds of spaces, for instance also living or office spaces. 



Fig. 4 diagrammatically shows, in cross-section, an alternative 
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storing spaces, spaces in transport means and the like. The practical examples 
shown should in no way be regarded as limitative. 



ventilated space, such as a stable 1, comprising a floor 2, outer walls 3, a roof 4 
5 and a partition wall 5. Provided in the roof 4 is an air outlet 6, in this 

embodiment comprising a valve 7, arranged to at least completely or partly 
release the passage of the air outlet 6, and a ventilator 8 for sucking air from 
the inner space 9 of the stable 1 through the air outlet 6. Instead of or besides 
the ventilator 8 a throughput sensor may be provided for measuring the 

10 throughput flowing through the air outlet 6. Such a throughput meter is, for 
instance, described in Dutch patent apphcation No. 9401632, which is deemed 
to be inserted herein by reference. Provided in the partition wall 5 is an air 
inlet 10 at a relatively great height above the floor 2, in which a second valve 
11 is provided, so as to be able to release of the air inlet 10 at least completely 

15 or partly, as well as a (second) throughput sensor 12, for instance of the above- 
mentioned type, for measxiring the air throughput flowing the air inlet 10. 
Here, too, besides or instead of the (second) throughput sensor 12 a ventilator 
may be provided to blow optionally conditioned air into the inner space 9. Near 
the end of the air inlet 10 directed to the inner space 9, air guide means 13 are 

20 arranged, in the drawing in the form of hinged plates, with which the outflow 
direction of a gas stream from the air inlet 10 to the inner space 9 can be 
adjusted. As an example, an alternative position for each air guide means 13 is 
shown in broken lines. Of course, all kinds of different air guide means may be 
used therefor, if necessary. 

25 In the inner space 9 of the stable 1 animals are kept, symboUcally 

represented by a pig 14. By providing in the inner space 9 a good regulation of 
at least the air streams extending therein, the cUmate control in the inner 
space 9 for Kving organisms, such as pigs 14, can be optimally regulated. This 
has a very positive effect on the living conditions for animals, plants or men 



Fig. 1 diagrammatically shows, in cross-sectional side view, a 
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present therein and, thus, on the economic value and the well-being of the 
animals. Moreover, this is advantageous in terms of environment and energy. 



building 1 an apparatus is used according to the invention, which comprises at 
5 least one first sensor 15, coupled to a central process unit, in particular a 
control unit, such as a computer 16, in which an algorithm to be specified 
below is provided for the calculation, at least estimation of the position of a 
central line of an air stream 18 extending from the air inlet 10 into the inner 
space 9. The central hne 17 is determined by a curve drawn through the points 

10 in the air stream with the minimum or maximum temperatxire in each 

relevant vertical cross-section through the air stream, perpendicular to the 
flow direction of the air in the relevant air stream. Whether the minimum 
temperature or the maximum temperature is applicable, depends on the 
temperature of the air stream with respect to the ambient temperature in the 

15 building 1. If the temperature of the air stream, at least when entering 

through the air inlet 10, is higher than the ambient temperature, the starting- 
point will be the maximum temperature for the position of the central line 17 
of the air stream 18, while the starting-point will be the minimum 
temperature in the air stream 18 when the temperature of the inflowing air is 

20 lower than the ambient temperatvire in the inner space 9 of the building 1. In 
stables 1 and such spaces, the latter situation will be usual, so that in this 
further specification the starting-point wiU be the position of the central line 
at the level of the minimum temperatures in the above cross-sections. Other 
situations will be immediately clear to those skilled in the art. 

25 The first sensor 15 comprises three temperature recording means Ti, 

T2, T3, placed at a fixed mutual distance S above each other, in a known 
position with respect to the floor 2 and the air inlet 10. The first sensor 15 is 
preferably placed such that the expected central line 17 extends between the 
upper temperature recording means Ti and the lower temperature recording 

30 means T3. This, however, is not necessary. The temperature recording means 



For the regulation of the inner cUmate in the inner space 9 of the 
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are designed as thermometers which are at least resistant to moisture, dust 
and gases, such as usually present in a building 1, at least in a space in which 
the apparatus is to be used. The temperature recording means Ti, T2, T3 are 
mounted on a common support 19, so that they can be easily placed. 
5 Fig. 2 diagrammatically shows how the normal, expected temperature 

distribution in an air stream wiU be with respect to the above central line, in a 
cold air stream. Fig. 2 clearly shows that an air stream has a practically 
symmetric, exponential temperature distribution. To base this distribution on 
theory, reference is made to, inter alia, Malmstrom et al, 1992 and formula 2. 

10 Fig. 3A shows, at the level of the first sensor 15, a temperature curve 

C, fitted over the temperatures measured with respectively the first 
temperature recording means Ti, the second temperature recording means T2 
and the third temperature recording means T3, while the temperature, for 
instance in degrees Celsius, is given on the vertical axis and the vertical 

15 distance below the middle of the air inlet 10 is given on the horizontal axis. 
The mutual distance S between the temperature recording means Ti, T2 and 
T3 is always the same, as indicated above. 

Drawing the curve C through the points Ti, T2 and Ta immediately 
gives the position of the dip Tmin of the cturve C, comparable with the minimum 

20 shown in Fig. 2. Tmin is at a distance D below T2, as directly derivable firom 
Fig. 3A. 

Fig. 3B diagrammatically shows, in side view, the air inlet 10, the 
first sensor 15 with the temperature recording means Ti, T2 and T3 and, drawn 
therein, the distance D derivable from Fig. 3A, through which the point Tmin 
25 with the minimum temperature can be directly drawn at the level of the first 
sensor 15. Subsequently, the central line 17 can be drawn, which extends 
through at least the middle and firom the inlet 10 and the relevant point Tmin. 
In this example, this central line will be slightly curved to below. 

The form of the central line can be determined on the basis of models 
30 fi-om the literature, for instance Randall, 1975; Randall 1981, Regenscheit, 
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1995; Mtillejans, 1966; Boon, 1978; RandaU & Battams, 1979; Holmes, 1974, 
using measurements of the air throughput, the inside temperature and the 
temperature of the incoming air, according to formula 1 as indicated below: 



wherein Yxi vertical deviation of the initial direction at distance x(m) 

a : vertical inlet dimension (m) 

Tr : average space temperature (K) 

To : inlet temperature (K) 

V : ventilation throughput (m^/s) 

X : horizontal distance with respect to the inlet (m) 

P : parameter function of the space dimensions 

r| : real number between 1 and 3 

a : real number between 2 and 3 



This leads, for instance, to: 

Yx = (0,0585 * g * ai 5 * bi s * (Tr-To) * x^ )/ (v2 * Tr), 

Theoretical values for the Archimedes number are given in the Table 
1 below, as found in di£ferent literature references. 

Subsequently, Table 2 gives an estimation for free-flowing fluids, 
starting from the Archimedes number, according to a number of references for 
the magnitudes in formula 2, on the basis of which the flow pattern can be 
estimated. 



(Tr-To) 



Yx = p.a". 



(1) 



Tr.V2 
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Table 1 



Air jet trajectory y :c'' 


Author 


K d, 


d2 Ar |a |p 


Koestel (1955) 


0.065 




d. 




3 


3 


Regenscheit (1959) 


0-4. 


a 


a 




2.5 


2.5 


Abramovich (1960) 


0.052 


do 


do 


Af/xbr 


3 


3 


Katz (1966) 


0.17 


1 


d 


AfKar 


2 


3 


Jackman (1970) 


0.04 




B.H(B4' 
H) 


AfRag 


3 


1 


Holmes (1974) 


0.0585 


Ja 


XT 


AfHol 


3 


3 


Walker (1974) 


0.2 






ATho! 


2.44 


2.44 


Kato, Murakami 
(1988) 


0.42/K 


do 


do 


Ar^ura 


3 


3 


Berckmans (1993b) 




a 


2.73 + a/ 
2 


Afber + O. 

45 


3,3 


2.5 
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Table 2 



Archimedes Number 




author 


Tc 




V 


Regenscheit (1959) 


T, 


a 


V 

a.b 


Abramovich (1960) 


T. 


lab 
a-rb 


V 

a.b 


Mullejans (1966) 


Th, 


2.B.H 
B + H 


V 
B.H 


Katz & Wittekindt (1966) 




V a-rb 


V 

a.b 


Holmes (1974) 




■JaJ 


V 

a.b 


Croome, Gale & Roberts (1975) 




H 


V 

a.b 


Randall (1979) 




2.B.H 

B-rH 


V 
B.H 


Nielsen et aL(1979) 


T, 


a 


V 

a.b 


Croome, Xi Li (1987) 




lab 
a-i-b 


V 

a.b 


Kato, Murakami (1988) 




H 


V 

a.b 


Sandberg (1992) 




a 


V 

alb 


Berckmans (1993b) 




H 


V 

a.h 



15 



20 



25 



30 
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T3b/e . 2: Literature overview of the two-dimensionaJ equations of a free air jet 
trajectory. The indicated A r-va/ues refer to table 4. 1 (Kwanten, 1993). 



With: 




a.p 


Variable parameters given in table 4.2 


Ar 


Archimedes number 


a 


Vertical dimension of air inlet (m) 


A 


Inlet section (m^) 


b 


Horizontal dimension of air inlet (m) 


B 


Room width (m) 


do 


Inlet hydraulic diameter (m) 


de 


Effective hydraulic diameter of the inlet (m) 


di 


Inlet dimension according to table 4.2 




Inlet dimension according to table 4.2 


g 


Gravitational acceleration (m/s2) 


H 


Average room height (m) 


Ic 


Characteristic room dimension (m) 


m 


Turbulence factor (kg/s) 


To 


Characteristic room temperature (K') 




Room temperature (K, *»C) 


To. to 


Outside temperature (K, °C) 




Temperature of heated surface (K) 


V 


ventilation rate (m^/s) 


V 


Air velocity (mis) 


Vol 


Volume of the ventilated space (m^) 


y 


Vertical deviation of initial horizontal stream direction (m) 
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The temperature distribution in the cold air stream can, according to 
Mahlstrom, 1992, be given according to formula 3, as indicated below: 



Atx 

with: 

t : the temperature in a point y (K) 

tx : the temperature on the center line at distance x of the inlet (K) 
tr : the average space temperature C*C) 
At : t - tr CC) 

Atx: tx - tr CC) 
Ti : r/ro.5 

r : radial distance to the center line (m) 

ro.5 : r for the point where the velocity is half of the velocity on the 
center line. 

With these two formulas the position of the central hne of the flow 



pattern of the air stream 18 as well as the temperature distribution around it 
in the relevant air stream 18 can therefore be estimated very accurately. 



Fig. 5 diagrammatically shows a test arrangement, specified by 



Derckmans D., Van de Weyer K., De Moor M., 1993. Visualization and 
quantification of the air flow pattern using image analysis, in: "Building 
Design, Technology and Occupant Well-Being" by Sterhng E., Bieva C, Collett 
C, February 1993, pubUcation by the American Society of Heating, 
Refirigerating and Air-Condition Engineers, pp. 207-216; with which by means 
of smoke a flow pattern in a test space can be determined. In this test 
arrangement an air inlet 10a is provided in a side wall of a test space, through 
which smoke is brought into the test space 9a. The smoke 18a, which 



At 



= exp(a.ln2.r|2) 



(3) 
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simulates the air stream 18, is lighted by means of a lamp 20 or laser and 
recorded with a video camera 21, after which by means of a suitable algorithm 
the position of the central Une is determined in a computer 22. In Fig. 6 the 
thus determined central line is diagrammatically shown by the line 17a drawn 
between the diabolo-shaped points, while the central hne 17 determined by 
means of an apparatus according to present invention is also drawn in Fig. 6, 
between points represented by asterisks. It clearly appears that only a 
minimum deviation occurs. By means of one first sensor 15 and measurement 
of the above-mentioned parameters (formxilas 1, 2) the position of the central 
Une 17 and the temperature distribution in the air stream can therefore be 
estimated accurately. 



each other in the air stream 18, as diagrammatically shown in Fig. 4. 
Preferably, the first sensors 15A, 15B, 15C are then placed at mutual 
distances F after each other, such that a matrix of temperature recording 
means Ti (A,B,C), T2 (A,B,C), T3 (A,B,C) is obtained. Thus an estimation of the 
position of the central line 17 of the air stream 18 can be directly obtained by 
drawing a curve through the points Tmin (A,B,C), obtained as described before, 
at the respective first sensors 15A, 15B, 15C. Of course, the above-mentioned 
formulas can then be used as well, but this is not necessary. 



temperature sensor 115, in particular suitable for three-dimensional 
determination of the fluid flow for non-firee fluids flow, while on a support 119, 
for instance, a wire frame for each first sensor 115 a three-by-three matrix of 
temperature regulating means T is arranged, which can be designated by Ti,i 
T3,3. With such first temperature sensors 115 a three-dimensional image of 
an air stream 118 can be estimated, since therewith, for instance with respect 
to the position of the middle temperature recording means T2,2 the vertical 
distance Di and the horizontal distance D2 to the minimimi temperature Tmin 
in the plane of the support 119 in the air stream 118 can be determined. The 



It is of course also possible to place a series of first sensors 15 after 



Fig. 4A shows a further alternative embodiment of a first 
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temperature distribution in the air stream 18 with respect to this central Une 
117 can again be determined, at least estimated with the above-mentioned 
formula 2 or by a good fitting when using several sensors. 



5 invention, in an advantageous embodiment. This regulating device 30 

comprises the process imit 16, which comprises a calculating unit 16a and a 
data bank 16b, which can communicate with each other. Moreover, a display 
26 and a keyboard 27 or such apparatus is provided for respectively displaying 
and inputting data. For this part of the regulating device 30 a computer or the 

10 like can of course be used. Provided in the calculating unit 16a is an algorithm 
into which data can be inputted from the or each first sensor 15 (A-C), a second 
temperature sensor 23 placed in the air inlet 10 and/or a third temperature 
sensor 24 placed in the air outlet 24. Moreover, data are inputted to the 
calculating unit 16a about the position of the air guide means 13, the second 

15 valve 11 and the first valve 7, while data are also inputted from the ventilator 
or throughput sensor 12 and the throughput sensor or ventilator 8 in 
respectively the air inlet 10 and the air outlet 6, if present. Moreover, further 
recording means 25 can be connected to the calculating unit, for instance for 
measuring the ambient temperature inside and outside the space, air humidity 

20 and the like, which can be used in the algorithm. It will be clear that the 

different data will only be available when the different recording means are 
present. 



18 is determined by means of the above algorithm, which can be compared 
25 with profiles stored in the data bank 16b. On the basis of this comparison and, 
if reqiiired, further conditions to be inputted via the keyboard, subsequently, if 
present, the air guide means 13, the first valve 7 and the second valve 11 and 
optionally ventilators 12 or 8, and other air inlet regulating means and/or air 
outlet regulating means and the like, can then be controlled, as well as, for 
30 instance, air humidifiers, heating means, cooling means and the like. 



Fig. 7 diagrammatically shows a regulating device 30 according to the 



In the calculating unit 16a the actual flow pattern of the air stream 
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Selections thereof, depending on the space in which cHmate control is to be 
carried out, will be immediately clear to those skilled in the art. 

Fig. 8 diagrammatically shows, in cross-sectional side view, a 
container 230 for a first liquid 231, for instance paint, which container 230 is 
provided with a inlet opening 232 through which a stream of second hquid 233 
can be supplied to the container 230. Fig. 8 diagrammatically shows the center 
line 218 of the stream 230. As shown, the container 230 has three sensors 
215a, 215b, 215c, placed at a regular distance F firom each other. Each sensor 
215 comprises three flow sensors Rl, R2, R3, arranged at a fixed mutual 
distance S above each other. By means of the matrix of flow recording means, 
such as flow sensors, the centerhne 218 of the stream of second Uquid 233 in 
the container 230 can be determined and can be compared with a desired flow, 
for instance by means of a regulating device, comparable with the regulating 
device shown in Fig. 7. Optionally, mixing means 234 can be provided in the 
container 230, for instance in the form of a stirrer, with which the flow pattern 
can be influenced, which influencing can again be recorded by means of the 
sensors 215. It will be clear that thus for all kinds of different liquids and 
combinations of liquids flow patterns can be determined and are influenced to 
obtain an optimum flow pattern and, for instance, an optimum mixing between 
two or more liquids. 

Fig. 9 diagrammatically shows, in cross-sectional side view, an 
aeration tank 330 for, for instance, waste water 331, in which aeration tank 
330 a central coliimn 340 is arranged, which is provided with, for instance, 
four aeration tubes 342 forming a cross and extending horizontally near the 
bottom 341. By means of pumping means 343 air can be forced through the 
aeration tubes 342 and can be pressed out through the openings provided 
therein, into the waste water 331. The air will show a flow pattern of air 
bubbles, diagrammatically represented by broken lines 318. In the aeration 
tank 330 a grid of sensors 315a-315d is arranged to the left and 315e-315h to 
the right of the central column 340, at least in the embodiment shown in 
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Fig. 9. The sensors 315 shown to the left and to the right are only given as 
practical examples. Each sensor 315 comprises, for instance, three density 
recording means spaced apart at a fixed distance S, with which, again, the 
central line 318 of the air flows can be determined. This offers the advantage 
5 that, for instance, the rotational speed of the aeration arms can be easily 

regulated, so as to obtain an optimum distribution of air in the water. To this 
end, a circular pattern of sensors 315 is preferably arranged concentrically 
around the central column. It will be clear from Fig. 9 that sensors can be 
arranged in a container for liquid in a different manner, so as to determine 
10 flow patterns of gases therein. In particular when in Figs. 8 and 9 reference is 
made to a container or tank, this should be broadly interpreted. In natxural and 
semi-natural hquid areas too, such as lakes and the like, sensors can be used 
according to the invention. 



15 embodiment of an apparatus according to the invention, using a contactless 
measuring device 415, 415X. In this embodiment a series of loudspeakers 
415X1-X3 is arranged at a first side of a space, a series of microphones 415A-C 
is arranged at a second side, such that between them the desired values of a 
magnitude, for instance air temperature, velocity, humidity or the like can be 

20 measured. By means of tomographic algorithms, for instance the temperature 
at all points between the microphones and loudspeakers can be measured. Fig. 
10 shows five such points T1-T5. By means of a central control unit 416 the 
loudspeakers 415X1-X3 are controlled for transmitting an acoustic signal, 
which signals can be received by the microphones 415A-C. On the basis of the 

25 occurring changes in the sound signals a desired magnitude can be measured, 
at least determined, for instance in the above points T1-T5, without the 
microphones and/or loudspeakers (which are comparable with the sensors 
described before) coming into contact with an air stream. Such a measuring 
method, at least the use of acoustic measuring means, is described per se in 

30 the later pubHshed international patent appUcation WO 99/NL00386, which 



Fig. 10 diagrammatically shows a part of a further alternative 
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application is deemed to be inserted herein by reference. It will be clear that 
with the measviring values obtained by means of the central control unit 416, 
in a manner as described before, for instance the position of the central line 
417, symbohcaUy represented by a point, can be determined or the position of 
5 a point with, for instance, a specific temperature. In a comparable manner 
other sources and receivers for (electro)magnetic waves can be used as well. 
Moreover, sensors at least partly placed in a fluid stream can be used, which 
can be read out contactlessly at a distance. The advantage of using contactless 
measuring means is that through them the normal use of a space in which 
10 these means are arranged, at least used, is even less impeded, while yet air 
flows can be determined accurately, on the basis of which, for instance, 
regulations are possible, while negative influencing of the measuring device 
by, for instance, gases and liquids can be prevented even better. 



15 sensors 15, in which the or each first sensor 15 comprises a series of 

temperature recording means T1-T13 arranged on a curved line L, in particular 
an arc. In the embodiment shown, an arc-shaped line L is selected with the 
middle of the air inlet 10 as middle point. The mutual distance between the 
temperature sensors Tn and T(n + i) is again S, determined by the angle a 

20 enclosed between both sensors T, seen from the above middle point. Again, in 
the manner described before, the position of the maximum or minimum 
temperatxire at least on the line L can be determined therewith, so that the 
position of the central line 17 can be determined. Fig. 11, at the top, 
diagrammatically shows an air pattern 18, measured with an apparatus 

25 according to Fig. 11, shown at the bottom, in which air pattern 18, at the level 
of the arrow K, a profile of air flow velocities is shown. Drawn in Fig. 11 are 
the angle Oo which the main direction of movement of the air stream at the 
level of the inlet 10 encloses with the horizontal and the angle 0, determined 
by a line through the above middle point and the intersection point of the line 

30 L with the central line 17. This intersection point is denoted by B(x,y). 



Fig. 11 diagrammatically shows a further alternative arrangement of 
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The invention is in no way limited to the practical examples shown in 



the specification and the figures. Many variations thereof are possible within 
the scope of the invention described by the claims. 



5 moreover, the or each first temperature sensor of more or fewer temperature 
recording means may be provided. When using two temperature recording 
means per temperature sensor, use will have to be made of the estimated local 
minimum or maximum air temperature in the air stream, at the level of the 
relevant temperature sensor. Furthermore, a space can be provided with 

10 several air inlets and/or air outlets. For each air stream the flow pattern may 
then be determined in the manner described before, while mutual temperature 
influencing can be taken into account. Furthermore, with a regulating device 
according to present invention advance control can be effected on the basis of a 
flow pattern determined therewith and previously known factors influencing 

15 the climate control, so as to enable rapid anticipation of changing conditions, 
for instance when other animals are brought into the stable 1 or are led away 
therefrom. Moreover, other formulas may be used to estimate the curves 
through the different points with minimum or maximiun temperature, that is 
to say to estimate the position of the central line of the relevant air stream. It 

20 will be clear that an improvement of the accuracy of this estimation will 

enable a more accurate regulation. For the rest, it wiU be clear that, where in 
this specification sensors are shown, the described contactless measuring 
methods may also be used in principle. 



Thus, several first temperatiure sensors may be provided, while. 



25 



These and comparable variations are deemed to fall within the scope 
of the invention described by the claims. 
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